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TITLE: Elastic~plastic equilibrium of shallow shells in the case 
of small deformations. (Uprugo-plasticheskoye ravnovesiye 
pologikh obolochek pri malykh deformatsiyakh). 


PERIODICAL: "Izvestiya Akademii Nauk,Otdeleniye Tekhnicheskikh Nauk" 


(Bulletin of the Ac,Sc., Technical Sciences Sectior), 
1957, No.6, pp.139-142 (U.S.S8.R.) 


ABSTRACT: By applying the equilibrium equations and the geometrical 
relations of. the theory of shallow shells (Vlasov, V.4%. 
"General theory of shells", 1949) and also the. 2lasticity 
and plasticity relations (Il'yushin, A.A. "Plasticity"™,1948) 
it is possible to obtain by the method of elastic solutions 
a system of differential equations expressed in terms of 
displacements of the elastic-plastic equilibrium of shallow 
shells assuming non-compressibility of the material which 
corresponds to the k-th approximation of the solution of the 
problem expressed by the differential equations, eq.(1),p.139. 

Gard 1foAn approximate solution is arrived at and the results are 
utilised for calculating an example of elastic-plastic 
bending of an open shallow, spherical steel shell stressed 
by a uniformly distributed load q, whereby the shell 
consists of a slightly curved square plate of a side length a 
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and a height of the curvature equalling the thickness of 
the shell. Figs. 3 to 5 give the graphs of the chang.2s 

in the sag and the deformation component for approximations 
up to the 5th one. It is stated that the finally derived 
formula simplifies considerably solution of the problem. 
aaa are 5 figures and 3 references, all of which are 
Slavic. 
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PERIODICAL: Izvestiya Akademii Nauk SSSR, Otdeleniye Tekhnicheskikh 
Nauk, 1957, No.12, pp.50-53 (USSR). 


ABSTRACT: On the basis of the theory of elastic orthotropic 
cylindrical shells, a basic system of differential 
equations is derived, Eqs.(1) and (2), p.50, by utilising 
the inter-relations between the elasticity and 
plasticity and the internal stresses and strains; this 
system of differential equations relates to the 
elastic-plastic equilibrium of orthotropic cylindrical 
shells, the material of which is assumed incompressible 
and corresponding to the k-th approximation of the 
solution of the problem, Graphs are included which show 
the change in the sag and the strain components in the 
zero and subsequent approximations at the points O and 
o.5k. The magnitude of the sag in the second and 
subsequent approximations can be calculated by means of 
the approximate formula, Eq.(26), p.53, and the same 

Card 1/2 relation is also valid for determining the strain components. 
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: 
TEXT: The paper deals with the elastic-plastic equilibrium ofa 


long, bottomed, thin-walled, cylinder subjected to a constant pres- 
sure, Because the axial forces act down the generator of a cylin- 
der it is impossible to use a solution obtained by A.A. Ilyushin 
(Ref. 1: Plastichnost' (Plasticity) Gostekhizdat, 1948); hence a 
new solution is necessary. The elastic-plastic equation for a 
bottomed, smooth cylinder subjected to internal pressure p (Fig.1) 


is expressed by 


4, 
dw x (1.1) 
h \ 
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where w - radial flexure, h ~ thickness of shell, R =- radius of cy- 
linder, E - Young's modulus, x - linear coordinate down the genera- 
tor. The function Pz, expresses elastic-plastic stage of the shell 

from the following relation : 


2 
AT an AM 
ae 1 
2 ° (1.2) 


Poses 

| z R dx : 

oF It is assumed that the material in a plastic region is not streng-~ 

| thened; therefore, the relation between the intensity of stresses 
o5 and intensity of deformation e is expressed in 


o, = Ee, = o, (1.7) 
{ ‘. 
: and that between internal forces and the deformation in 
4 4 : 
Tr=4[ (utfa)hth], (1.8) 


4[/ 4 4 
Gaea 2/7 T= S| (a+ 5") + sth] , 
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Geometrical relations are stated in 
2 
us! w - . aw 

9:2 = pe oe = ae (1.9) 


Fig. 2 shows the direction of the internal forces and the coordina- 
tes. The ac§ion of the stiffening ring may be represented by uni- 
formly distributed forces q, acting down the line of contact of the 
shell and the stiffening ring. When the magnitude of forces q is 
known, then the elastic stressed stage near the stiffening ring is 
expressed by 


qa 
N= 5 4,8(a), M,=- es (a), 
R’ pa i 
Toy = ~ F Raya), i Pm (a), 
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@(a) = e “cos a, Cla) = 37"54n a, 

e(a) = (a) + f(a), Pla) = (a) - Sa), (2.5) 
and these forces q will increase the radius of the stiffening ring 
to 

§ gr? 
kK" BF? (2.6) 


where F - cross sectional area of ring, By - Young's modulus of 


the ring's material. Equations are also given for the internal for- 
ces, and the components of the deformation near the stiffening 
ring. The approximate elongations and the curvature in the first 
approximation on the line of contact between ring and shell are 


expressed by 


a1] ‘\ (3.9) 
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y 2 Pa) 
3 py 


(0) 
ay 


(2a, —1-+ pCa} ee 


3 FAO 2a —1 + pall} (3-10) 


3) op 


The solution of the problem may be obtained in a similar manner 
for the subsequent approximations. Calculations indicate however, 


that sagging Wy and also appropriate elongations and the curve 


can be determined in further approximations from a simple recurren- 
ce formula. Graphs are given to show changes of deformation and 
changes of its intensity on the line of contact of the stiffening 
ring and the shell. For plotting of graphs expressions of type 

n-1 


Wy 
W, = Wy + (wy - Mo) Ge - 1) \ (3.11) 
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ABSTRACT: Factory tests on 32-ton, 1300-mm diameter forgings of 60KhN steel showed that, 
the prescribed factory heat treatment for large forgings of 50KhN » 6O¢HN, 55Kh, and > 
60KhG steels gave mechanical properties which were below the norm (c- p = 50.0 kg/nm“, 
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heat treatment (see Fig. 1) was modified by the authors who replaced the isothermal 

| heating at 7200 by heating to 950C for 2—~3 hours with subsequent cooling to 360¢ and 

| holding at that temperature for 1 hr/100-m cross‘section. Thermocouples were embedded 

, in the test forgings at 50 mn, at 1/3 R from the surface, and at the center. It was 
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TITLE: Stress concentration around a square hole in a physically nonlinear elastic 
plate 


SOURCE: AN SSSR. Izvestiya, Mekheaika, no. 6, 1965, 71-76 


‘TOPIC TAGS: stress concentration, nonlinear elasticity, nonlinearly elast:ic plate, 
square hole weakened plate, hole weakened plate 


ABSTRACT: The derivation of nonlinear differential equations describing the elastic 
equilibrium of a thin plate whose material p ones nonlinear physical properties is 
based on the law of the nonlinear elasticitybedea ished experimentally by G. Kaudere 
for nonferrous metals and their alloys, high-strenpth steels oaty ic materials, etc 
These equations contain the unknown displacement and stress functions, to the deter- 
| mination of which the stress-distribution problem is reduced. The stress field 
-around-a square-hole in an-infinite physically nonlinear isotropic plate subjected to 
omidirectional uniform tension in infinity 1s determined by using the theory of con 
formal mapping. The formula for the stress-concentration factor is given and the cal 
culated stress distribution around a square hole is shown in a diagram fot various 
values of a parameter which determines the deviation of the nonlinear-elasticity law 
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session; thirteen in the structural mechanics session; twenty in the statics 

‘ gession; and sixteen in tha session on dynamics of ship construction. Mention is 
made of several topics of special interest to tho confereos, The momburs noted a 
growing interest in the problems of ship construction, and plans were nade for even 
closer contact and cooperation be%ween groups and individuals in the fields of 
ship planning, design, and construction. 
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Mechanics by G, Kauderer are used in constructing the above-mentioned basic system 
of equations, with the assumptions that the 
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for particular cases of the state( gf the medium, e.g., a system of linear equations 

of the thin shallow shell theorytis obtained for those media which obey Huoke's law. 
The authors intend to devote further publications to the integration of the proposed 
basic system of nonlinear equations, and to the solution of problems of stress con- 

centration around holes in shells wit:h the physical nonlinearity of the shell mate- . 
rial taken into account. Orig. art. has: 1 figure and 34 formulas. {VKj 
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nonferrous metals, and their alloys - there is observed a nonlinear 
relationship between stresses and deformations even in regions of small 
deformations. The curve, slightly but perceptibly, devia 

Straight line given by Hookets Law (See Fig. 1). i 
Using a nonlinear law of elasticity, the article 
presents a mathematical solution to the problem of 
the stress concentration around a round opening 

in a plate, taking into account the small physical 
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that the coefficient of the stress concentration for the given variant 
of the physically nonlinear theory decreases in comparison with the 
linear case, arid depends in an essentially inverse manner on the 
elastic properties of the material and on the magnitude of external 
loading (nonlinear). Taking into account this type of physical 
nonlinearity leads to a more regular distribution of the stresses in the 
zone of stress concentration. Orig. art. has: 20 formulas, 3 figures, 
and 3 tables. . 
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y TITLE: eae Approximate solution of the problen of the elastic 
_ equilibrium of a physically nonlinear elastic plate 
with a reinforced circular hole ° 


~ PERIODICAL: | Akademiya. nauk Ukrayins'koyi RSR. Dopovidi, no. ty 
ee 1963, 44-49. mo, ; 
-DEXT: The author considers a circular hole, reinforced by a circu- 
. dar ving, in an unbounded elastic isotropic plate, the ring being 
. of a different isotropic material. Using the law of elasticity pro- 
- posed by H. Kauderer Ginga v.17, 450, 1949) the author con- 
..Sidere the case.when the materials of the plate and ring are made of 
nonlinear materials. Using polar coordinates and the small pi-rame~ 
. ter method, the differential equations 
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EXP: The author solves the problem of an infinite plate with a 
circular hole, stretcned in 211 directions, and Lame problea, using 
Airy's stress function and the method of perturbations. For the 
first of the problems the stress concentration coefficient ac- 
cording to linear theory is 2 at the edge of the hole; in the non- 
linear theory it is 
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After the stress functions for the zeroth~ and first approxination/ 
have been determined, it is possible to find the stress distribu~ 
tion in the first approximation, account being taken o2 the mecha~ 
nical properties of the matevial. The obtained formilau are used 

for calculating the stresses in a numerical example. For compari- 
son, graphs ere snovm of the stress distribution according to line- 
ar and to nonlinear theory. From the calculations and the graphs it 
is cae thot slight deviasions from linearity may considerably 
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ABSTRACT: A formulation is given of physically nonlinear problems on the re- 
inforcement of a circular hole of a physically nonlinear /in the elastic sense 
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‘Linear fas above/ materials with any stress field to infinity. Tae analogous 
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. papers (G. M. Savin, Pry*kladna mekhanika, 9, 11 (1963); I. A. Tsural, Tr. 
Vsesoyum.-kon?., Izd-vo UkSSR, 213 (1962); I. A. Tsural, Pry*icladna mekh- 
anika 8, 372 (1962). The boundary value conditions and self-conjugate con- 
ditions are also formulated. 
A solution is given of the problem of clastic equilibrium of a uniaxial elonga- 
‘ted physically nonlinear plate with circular hole, with a linearly elastic 
ving soldered into it. Numerical values are presented for the stress concentra~ 
‘tion coeffictent {Abstractor's' note:' symbol not explained in this paper, 
‘bus appears to be the ratio of tangential stress, sigma sub phi » to pressure, p] 
for the case of a steel ring soldered into-a copper plate. These results are 


| Given for three approximations; a canpletely flexible ring, a continuously stressed 
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